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TECHNIQUES OF FLASH RADIOMEMTRY

W. P. Leung*
A. C. Tam

IBM Research Laboratory
San Jose, Calfornia 95193

ABSTRACT: We analyze in detail flash radiometry techniques for determining the thermal

diffusivity of thin condensed matter samples. Such techniques rely on the transient infrared

radiation from the sample heated by a short-duration pulsed radiation. Exact analytical

solutions for the conventional transmission measurement (in which the excitation source and

the infrared detector are on opposite sides of the sample) as well as the back-scattering

measurement (in which the excitation source and the detector are on the same side of the

sample) are presented with the effect of heat loss neglected. The analysis allows the

determination of the thermal diffusivity and the absorption coefficients at the excitation

wavelength and at the detecting wavelength of the sample from the experimental data. The

effects of excitation pulse duration and finite rise time of the detection system are discussed.

Experiments on pulsed radiometry measurements on thin film samples are performed to verify

some of these theoretical predictions. Radiation loss and twi-dimensional heat diffusion loss

are shown to be negligible for thin film samples.

"Permanent Addres Department of Physics, Chinese University of Hong Kong, Shatin,
N.T., Hong Kong



INTRODUCTION

The flash method of measuring thermal diffusivity has attracted widespread interest1- 14

since it was introduced in 1961.1,2 The technique relies on the use of a short-duration heat

pulse to produce an initial thermal gradient in a sample: subsequently the time development

of the temperature at the back surface (or the temperature difference between the front andV back surfaces13) of the sample is measured using thermocouples. Physical parameters such

as thermal diffusivity, heat capacity and thermal conductivity can be obtained by analyzing

j the shape of the temperature-time curve. However, this method is not a radiometry

technique because thermocouple or other temperature measuring device has to be attached to

the sample surface. The first flash radiometry measurement was carried out in 1962 by

Deem and Wood4 who modified the technique of Parker et al.t For temperature sensing.

they used a lead sulfide cell to detect infrared radiation emitted from the backside of the

sample. The radiometry technique, which eliminates the use of thermocouple, provides a

convenient way for the remote measurement of the thermal diffusivity of materials. This

method is particularly attractive for the measurement of samples in vacuum, high pressure,

high temperatures and other hostile environments. 4.7 Since the response time of the infrared

detector is usually much faster than that of a thermocouple, data can be collected in a matter

of microseconds to milliseconds, depending on the thickness and thermal properties of the

sample. This is especially important when the physical properties of the sample are changing

with time (e.g., under a phase transition).

The above mentioned tranuission radiometry technique is "double-ended" (i.e., the

excitation soure and the detecting system are on opposite sides of the sample). Recently,

SweI. 1 6 have developed a new back-scattering flash radiometry technique in which the

exctation source and the infrared detector are on the same side of the sample. This
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"single-ended" (i.e., apparatus only on one side of the sample) back-scattering arrangement

can provide measurements of thermal diffusivity and absorption coefficient at the excitation

wavelength for a sample without contact. This method is also of vital importance when the

back side of the sample is inaccessible so that conventional techniques cannot be applied.

Furthermore, any change in the sample surface or substrate conditions can be detected

remotely and nondestructively.

Although flash radiometry was developed more than twenty years ago, very little

theoretical work has been done on the shape of the infrared signal at the detector. In this

paper, we fill this important gap by analyzing this technique theoretically. Exact analytical

soiutioas are given with the heat loss neglected. The effects of the duration of the excitation

with experimental data are made and the effect of heat loss is discussed.

THEORY

In the following discussion, we assume a one-dimensional heat flow modeL This

assumption is valid when the thickness of the sample is much smaller than the lateral

dimensions of the area illuminated by the optical excitation flash. To simplify the

mathematical analysis further, we assume the heat loss due to convection and radiation at the

sample surfaces and due to lateral conduction to be negligible. However, we shall discuss the

effect of heat loss qualitatively in the next section.

In order to get some physical insight in the problem, we first examine the situation

where the specimen can be treated as a homogeneous semi-infinite solid. Then we consider

the case of a thin sample which resembles our experimental situations.



3

The evolution of the time and position dependent temperature B(x,t) inside the sample

generated by the absorption of the flash pulse is governed by the one-dimensional diffusion

equation

e (x,t) D a2 (x't)8at alx2

subject to the adiabatic boundary condition

-(x0t) 0 (2)

at the sample surfaces, where D is the thermal diffusivity of the sample and x is the distance

into the sample (with x-O being the irradiated surface).

A. Semi-Inflnite Sold

The general solution satisfied by Eqs. (1) and (2) for a semi-infinite solid bound by

the plane at x-0 and extending to infinity in the direction of positive x is given by Carulaw

and Jaer.17 If the initial (t-O) temperature (above the ambient temperature T0) inside the

sample Is O(xO), the subsequent temperature distribution is

-x-x') 2  _(x+x')2

9(x) - (4 rDt")- 1 III (x ',0)I C 4 + .e 4 dx' (3)

In flsh radiometry experments. the heat generated inside the sample due to the absorption

of the flash pulse enerV' is pqxrptiona 18 23 to ae" at a distance x from the irradiated

surface Hence

O(x',O) Aao- x' (4)
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where A is a constant dependent on. the flash pulse energy and the heat capacity of the

sample, and a is the absorption coefficient at the excitation wavelength. Thus the

subsequent temperature profile after the excitation is

• - r- , (x+x', -I

O(xt) Aa(4vDt) 1/2f e- .x' e 4 e 'tIdt

(Aaea ) i + erf (x 2aDt)A]e-

+ [Ierf(x 1+,aDt)]e x(

where err is the error function. Equation (5) does not take into account the effect of finite

pulse width of the excitation pulse. However, this aspect will be discussed later in this

section.

The signal S(t) at the infrared detector monitoring the thermal radiation from the front

surface is 1 5 ' 16 .1 8 "2 3

S(t) - K'a'f' {[T,0 + 9(x~t))T4 ] lT-jeaxdx (6)

where K'-4 e a is a constant, 18 e is emissivity averaged over the detection bandwidth, a is

Stefan-Boltznann constant, To is the ambient temperature in Kelvin, and a' is the infrared

absorption coefficient of the sample averaged over the detection bandwidth. When 9(x,t) is

small compared with T0 , Eq. (6) can be written as

S(t) = Ka'foo (xt)e- dx (7)

_______Mom*



where K-4K'T 3. Substituting Eq. (5) into (7), and after some mathematical manipulations

(see Appendix I), we obtain

SWA, - 1o--' - erf'V-t/4i ) ae,,/ ( I - erf Vt/4%, (8)
,2 2

where Tt = and % 1 are the characteristic time constants of the material
4a 2D 4a' 2D

corresponding approximately to the times required for the heat to diffuse a distance a- I and

at 1, respectively. For most opaque materials, i> and rcf are in the range of 10- 5 to

I0-8 seconds. Equation (8) is also found to be valid in the limit of a' approaching a

(Appendix 1).

It is of interest to note that Eq. (8) for the magnitude of the flash radiometry signal

contains a coefficient aa'. For samples that are either transparent in the excitation

wavelength (a-0), or in the infrared detection wavelength (a'=0), the signal S(t) vanishes.

Physically, these can be understood as follows: The first situation (a=0) corresponds to no

excitation and hence no signal: in the latter case (a'=0), the detector tees the summation of

all infrared signals from the depth of the sample without being attenuated, which does not

change with time if there is no heat loss from the sample.

When the time is small such that Vrt/4-. < < I and V/t/4,a, << 1,

,, I- erf V /4, .) (- 2V t/4rT.

and

(, I - erfV u,)r :u (, - 2Vt/4 01 )

Hence, from Eq. (8), the flash radiometry signal S(t) at small t is given by
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S(t) 1 _ I)' (M~at).
0 'a

When Vt4r>>Iand Vl;,>>1

t/4 t/4-%( -vt,, -€<,)-/2I- crfv' 7) (r/if 1

1 -t 
- r-1/2

and thus the signal S(t) is

S(t) - t-1 /2  (large t)

Hence, S(t) decays very slowly for large t.

B. Thin Sold Slab

The situation for the diffusion Eq. (1) and boundary condition (2) corresponding to a

thin solid slab shown in Fig. I is also described by Carslaw and Jaeger. 24 If the initial

temperature distribution (above ambient temperature TO) inside the slab is O(x,O), the

temperature at a distance x from the irradiated surface at a later time t is given by

2 2
2 L,' nx

O(x,t) - O 9(x,0)dx + e Cos n-" fO(x O) Cos dx'. (9)
LonMIn L 0L

Now, with O(x',O) given by Eq. (4), Eq. (9) becomes

*(x,t) 22 .n(10)

n2i

Again assuming O(x,t)<<T 0 , the single-ended back-scattering flash radiometry signal S 5(t)

given by Eq. (7) can be written as [

- 2

O(t _. A .IC-L + 2 i e o x(0



SB(t) A=

+ Da L L D2

22 + n2' r2 14+ n2 I
a 2  A2L2

In the conventional double-ended transmission measurement 4 where the infrared

detector is at the other side of the sample, the transmission radiometry signal ST(t) is

ST(t) Ka'ff e-a '(L-X (xt)dx
0

-n",2 Dt

AX-L)( IL - a'L L

( 1-(-1)n e-*L n2e

22 )( n.2V2 (12)

a2L2  a2L2

When a and a are very large such that aL, a'L.o, Eq& (11) and (12) reduce to

those given by Parker et al. 1. The signal S(t) in general depends on a,a', L, D and is

characterized by a characteristic time constant rL given by

TL - L2  (13)
w2D

When t>rL, only the first term inside the summations in Eqs. (11) and (12) is

significant, and the infrared signals SB and Sr both approach the same steady state value

S( -&-(1-e-aL)(-e - u'L) ) exponentially. Note that Sq~t) approaches this steady state

value from above and hence the back-scattering measurement intrinsically provides a higher
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sensitivity than the transmission measurement in which the signal ST(t) approaches the

steady state value from below. This advantage becomes more significant as the thickness of

the sample is large.

Equation (11) should also reduce to Eq. (8) as the thickness L approaches infinite. In

fact, we find that this is exactly the case (Appendix 11). In other words, for

t<<rL-L2/ir2D, the hcat does not know the existence of the rear surface and the heat

diffusion proceeds the same as in the semi-infinite case. Hence the early time development

of S(t) is mainly governed by a. a' and D, while in the later stage of the development, the

length scale is replaced by the sample thickness L rather than a "I and a' I. Figure 2(a)

shows a plot of Eq. (8) (for seni-infinite solid) and Eq. (11) (for thin slab) with the same

value of a,a' and D. The two curves practically overlap for t<<"L. As a result of this. we

can determine the parameters a and a' of the sample by fitting the experimental data to

Eq. (8) for t<<L if the thermal diffusivity D is known. On the other hand, if the thickness

L and the absorption coefficients a and a" are known, the thermal diffusivity D can be

determined by one-parameter fitting of Eqs. (11) or (12). In fact, we find that the thermal

diffusivity D obtained by fitting experimental data with Eq. (11) is not sensitive to the value

of a and a' if aL, a'L>>l and if only data in the region t>TL are used. Figure 2(b) shows

a plot of Eq. (11) with the same L but different a and a'. Although both a and a' are

different by a factor of four in these two curves, the shape of the curves for t>-L are

basically the same. This is quite obvious since from t-TL to t-c,, the time decay of the

signal is characterized by L which is a function of L rather than a and a'. Further

examination of Eqs (8) and (11)-(12) reveals that a and a' are interchangeable without

affecting the value of S(t) which leads to an ambiguity in determining a and a'. However,
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this uncertainty does not affect the thermal diffusivity D obtained by fitting Eqs. (8), (1 1)

or (12).

C. Effects of Excitation Pulse Width and the Response Tune of the Detecting System

When the excitation flash pulse is extended in time and has a magnitude proportional to

G(t), the signal Z(t) at the infrared detector is equal to the convolution of G(t) and S(t), 8 25

namely

Z(t) = S(t-t')G(t')dt" . (14)

In the case of thin slab sample and single-ended back-scattering radiometry measurement,

Z(t) - - 'L

_(_)ne-aL  ( __lnea L  - D(t-t')

L2222e G(t')dt' (15)

A 2 a,2L 2

When the exr.zation source is a pulsed laser, G(t) can often be represented by a aussian

distribution, i.e.,

G(t) 2 e (16)

where to Is the time of maximum intensity and A is the pulse width. By putting Eq. (16)

into (15), we obtain

!I
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ZB(t) AK( 1 -e-L)(1 -e- * ' L)

n D(t-t.)

4- .K~ 1-V-1 C ~v e(1( 4L Y'17)

a2 2 
, 2 2

Similarly Eq. (12) for double-ended transmission radiometry measurement can be

written as

ZT(t) - AK( 1l-L)(I 0 - ' L)

d 2 2 22

L AIL 2  "I + I +-- - n ' L

(18)

It is clear that from Eqs. (17) and (18), the correction due to the effect of flash pulse

width is of second order In nature. If A<<L (-L 2/r 2D) the effect of pulse width can be

neglected. E4iations (17) and (18) are valid only if the observation time t is much larger

than the flash pulse duration A (i.e., after the occurrence of the entire excitation pulse). For

smaller t, the upper limit In the integral in Eq. (14) should be replaced by t.

The effect of the finite rise time of the detecting system (which includes the infrared

detector, amplifier and data acquisition device) can also be analyzed in a similar way. The

ultimate response W(t) is equal to the convolution of the infrared signal Z(t) and the impulse

respoe H(t) o( the detecting system. In order to simplify the analysis, we approimate

H(t), the response of the detecting system to an impulse at t-0, by
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H(t) for t >0,

where A' cn be regarded as the rise time of the system. Hence, in single-ended back

scattering radiometry measurement,

W3(t) L - a'L)

1 12 2(aLni" D.1,° n2"- L D.), -- D(t-to-ap)
+2AK 2"0 2--~e '  2-(4L e-L LL--1 I n-) ( -- --

2L 2 + -A 2LAL

(19)

Similar expression can be written for WT(t), the final response in the transmission flash

radiometry mmsurement. For t>>A , the effect of the finite response time of the detecting

system is not important.

EXPERiLMENT

The experimental setup Is very similar to that of our previous experiments 15' 16

(Fig. 3). A I m pulsed nitrogen laser (Molectron UV12 nitrogen laser with X=337 nm) of

pulse width r-8 as (full width at half maximum) is used as the excitation source. With such

a short excitation pulse duation, the effect of the pulse width can be neglected in most

cue The laser beam is slightly focused to a spot size of around 4 mmx4 mm on the

ample surface and the intensity of the laser pulse energy is suitably attenuated so that the

ampliude of the detected Infrared signal varies linearly with excitation energy (with the signal

sh* unchanged), and the approximation used in Eq. (7) is valid. The infrared signal

emitted from the sample Is collected by a concave mirror and is detected by a liquid N2

cooled HgCdTe detector operating in photoconductive mode (New England Research Model
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MPC12-2-J1). The detector is sensitive to 8-12 pm infrared radiation and has a rise time of

about 0.5 ps The rise times of other electronic devices in the detecting system are faster

than 0.5 As and hence may be neglected.

The experimental setup can be operated either in single-ended mode or double-ended

mode, depending on the incident direction of the laser beam. Figure 4 shows signals

obtained in single-ended back-scattering modes of operation for two pieces of black

polyvinylchloride (PVC) film of 0.071 mm and 0.190 mm thicknesses. It is obvious that for

small t, the lineshape of the two curves are identical (Fig. 4(a)). However, as t is larger

than the characteristic time rL of the thin sample, deviation between the two curves becomes

evident (Fig. 4(b)) as predicted by Eqs. (8) and (11).

We have used the method of least squares to fit the curve (i) of the 0.071 mm thick

PVC tape using Eq. (11). Since the time used is much larger than 0.5 ps, corrections in

excitation pulse duration and finite rise time of the detection system is not necessary. The

final result is shown in FIg. 4(c). The average r.m.& deviation of the theoretical fit (long

dash line) and the experimental data (curve (i), solid line) is about (0.05, and the values of a,

a' and D are found to be 833 cm. 1000 cm "1 and 0.00135 cm2/sec, respectively. As we

mentioned in the last section, the values of a and a' can be interchanged without affecting

the final result of D. In fact, the uncertainty of the fitted thermal diffusivity now mainly

arises from the error in thickness measurement.

These fitted values of a, a' and D of the thin PVC film are used to calculate the line

shape of the thick PVC film (L-0.190 mm) in the single-ended back-sattering

M"marement The result is also shown in FIS. 4(c) with the theoretical fit represented by
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short dash line and experimental data represented by solid line (curve (i)). Again, the

agreement between experimental data and theoretical prediction is excellent.

We have also carried out the conventional transmission flash radiometry measurements

using the same samples. Figure 5(a) and (b) show typical results for the thin and thick

samples, respectively. For the thin PVC sample (Fig. 5(a)), there is a jump in signal at small

t, an indication of a leakage in either infrared or the excitation energy or both through the

sample. This is also a good indication of the fact Lhat the values of a and a' obtained earlier

are not very large. For the thick sample (Fig. 5(b)), the signal starts to decay at around

t. 160 ms instead of remaining constant, an evidence that the heat loss effect becomes

important. Using the previously obtained values of a, a' and D for the thin PVC film and

Eq. (12), we are able to fit Figs. 5(a) and (b) with reasonably good agreement between

experimental results and theoretical predictions (Fig. 5(c) and (d)). This is also an

important experimental evidence that back-scattering sinve-ended flash radiometry

measurements do get similar results as compared to the conventional transmission

measurements, except that it is single-ended and has a higher intrinsic sensitivity.

To demonstrate the effect of the rise time in the detecting system, we have performed
experiments on samples which have short a, o and 1 L . Figure 6(a) shows the single-ended

back-scattering signal of a piece of 0.107 mm thick Co-Netic magnetic steel supplied by

Magnetic Shield Division of Perfection Mica Company. The upper curve in Fig. 6(a) is the

signal plus the background scatterings. The lower curve is the background scatterings

obtained br putting a piece of glass slide in front of the infrared detector window so that the

infrared signal is blocked but the scattered excitation pulse signal can still enter the detector.

The true infrared signal is the difference between these two curves. Figure 6(b) shows the

importance of the effect of the rise time of the detection system. The solid line is the true

4
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infrared signal. The long-dash line is the best theoretical fit using Eq. (19) with the rise

tine Y'0-.85 is. The short-dash line is the fit using Eq. (11), which does not take into

account of the effect of rise time. In these fits, the absorption coefficients a and a' are both

taken to be 105 cm" which corresponds to a skin depth of approximately 0.1 urn.

The effect of radiation heat loss has long been an important problem in flash

radiometry 3nd has been studied by many authors.3.5 , . . 13 They find that the effect of

radiation heat loss is very important at high temperatures. Most of them also come up with

complicated implicit expressions for the correction of radiation loss, which, however, are

usually not very practical. Chen et at. 13 has devised a feasible method based on the

theoretical development of Cape and Lehmann.5 In their technique, two different time

constants have to be measured, one being the characteristic time rL( = L2 ir2D) of the

sample, and the other being the decay time constant TR at t>>L. which is mainly

contributed by radiation heat loss and two-dimensional heat diffusion loss. From the ratio

TL

they are able to determine the correction factor from a graph. For A- 2 %, the correction in

the worse case is less than 4%. For our thin fim sample, we find that 1'R is always at least

two orders of magnitude larger than rL and hence the effect of radiation loss is negligible.

Figures 7(a) and (b) show the signals a 0.071 mm thick black PVC film and a 0.0125 mm

thick stainless steel sheet obtained in double-ended transmission flash radiometry

measurement. TR is approximately several hundred milliseconds in both samples while IrL is

only around 4 ps for stainless steel and 3.7 ms foi PVC tape.
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Heat loss due to two-dimensional diffusion inside the sample has been considered by

Lang. 12 He finds that when the ratio of the radius of the irradiated area to the sample

thickness is greater than two, correction is not necessary. To prove this experimentally, we

have cut small slits along the boundary of the irradiated area of the samples described in

Fig. 7 so that the samples are supported at three points only and the lateral heat conduction

loss should be greatly reduced. We found that, with these samples, the decay of the signal

for large t is practically identical to Fig. 7. We then conclude the two-dimensional heat loss

is negligible in our thin samples. The criterion of Lang can easily be satisfied for the thin

film samples used in our experiments. For thicker samples, one can always defocus the laser

beam so as to cover a larger sample area.

CONCLUSION

We have carried out detailed theoretical analysis on the lineshape of the signal in flash

radiometry. In opaque thin samples when the time t is much smaller than the characteristic

time TL, the heat diffuses as in the case of a homogeneous semi-infinite solid, and the decay

of the signal are characterized by %- and r.,. When t>TL, the signal decays in

back-scattering radiometry (or rises in transmission radiometry) approximately exponentially

to a steady state value with time constant TL" The thermal diffusivity D of the sample can

be obtained more accurately by fitting the later part of the experimental data if a and a' are

not known exactly. Finite excitation pulse duration and rise time of the detecting system are

found to have approximately the same effect of delaying and broadening the signal. These

theoretical predictions have been supported by experimental data. Radiation loss and

two-dimensional diffusion loss are concluded negligible for thin samples at room temperature.
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APPENDIX I

To carry out the integral (7) with B(x,t) given by (5), one has to evaluate the foilouring

integral.

CX e'erf (qu)du. (Al)

Integration by parts and using the fact that

d4 (erf(qu)) L- -q q .

Eq. (Al) becomes

2:

er~x e erf + + p -d(A2)
p p Lq 2~ 2q~)-r~

Equation (8) follows by applying (A2) several times. In the limit of a"-& (or aoa')

Eq. (8) can be reduced to

SMt - AKa 2 4L)(i ~e t/4T a + t/4e.I

using Taylor expansion about V//4r.
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APPENDIX II

When L-,, Eq. (11) can be written as

L~~a W 1 ___

S83(t) UMbi AK +L~ 1  ~) L2  h (M3)•~~ +

a2L2  ' 2L 2

Let

Snt
L

L

we then have

S(t) 2A l m . )eDtuLAu

1u I+ + 2
2 12

e-Dt 2 -du

0 (+ U2)I+U,2)
aa

0 (a2-a2) (a2 + U2) (a' 2 + u2 )  (

Direct interatlon of (A4) will lead to Eq. (8). The signal ST(t) in the limit of L.,a in the

double-ended tranmiulon flash radiometry measurement can be obtained similarly.
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Figure 6. (a) Back-scattering radiometry signal for a piece of 107 pin thick Co-Netic
magnetic steel. (b) T7heoretical fits of (a) using Eq. (19) (long-dash line) and Eq. (11)
(short-dash line). The solid line is the true experimental infrared signal obtained by
subtracting the two curves in (a).
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FIgure 7. Observed transmission radiometry signal of a piece of 71 'um thick black PVC film
(a) and a piece of 12.5 pm thick stainless steel sheet (b). The decay of the signals is mainly
due to convection and radiation heat loss.
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short dash line and experimental data represented by solid line (curve (i)). Again, the

agreement between experimental data and theoretical prediction is exceUent.

We have also carried out the conventional transmission flash radiometry measurements

using the same samples. Figure 5(a) and (b) show typical results for the thin and thick

samples, respectively. For the thin PVC sample (Fig. 5(a)), there is a jump in signal at small

t, an indication of a leakage in either infrared or the excitation energy or both through the

sample. This is also a good indication of the fact that the values of a and a' obtained earlier

are not very large. For the thick sample (Fig. 5(b)), the signal starts to decay at around

t-160 ms instead of remaining constant, an evidence that the beat loss effect becomes

important. Using the previously obtained values of a, a' and D for the thin PVC film and

Eq. (12), we are able to-fit Figs. 5(a) and (b) with reasonably good agreement between

experimental results and theoretical predictions (Fig. 5(c) and (d)). This is also an

important experimental evidence that back-scattering single-ended flash radiometry

measurements do get similar results as compared to the conventional transmission

measurements, except that it is single-ended and has a higher intrinsic sensitivity.

To demonstrate the effect of the rise time in the detecting system, we have performed

experiments on samples which have short ir, I. 1 and TL. Figure 6(a) shows the single-ended

back-scattering sipal of a piece of 0.107 mm thick Co-Netic magnetic steel supplied by

Magnetic Shield Division of Perfection Mica Company. The upper curve In Fig. 6(a) is the

sigpal plus the background scattednlo. The lower curve is the background scatterings

obtained by putting a place a( a slide in front of the Infrared detector window so that the

Ifrared sipl is blocked but the scattered excitation pulse signal can still enter the detector.

The true infrared signal is the diffuence between these two curves. Figure 6(b) shows the

importance of the effect of the rise time of the detection system. The solid line is the true
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infrared signal. The long-dash line is the best theoretical fit using Eq. (19) with the rise

time A'-0.85 ;Ls. The short-dash line is the fit using Eq. (11), which does not take into

account of the effect of rise time. In these fits, the absorption coefficients a and a' are both

taken to be 105 cm- t which corresponds to a skin depth of approximately 0.1 AM

The effect of radiation heat loss has long been an important problem in flash

radiometry and has been studied by many authors.3.,5 6.s. 13 They find that the effect of

radiation heat loss is very important at high temperatures. Most of them also come up with

complicated implicit expressions for the correction of radiation loss, which, however, are

usually not very practical. Chen el al. 13 has devised a feasible method based on the

theoretical development of Cape and Lehmiann.5 In their technique, two different time

constants have to be measured, one being the characteristic time 1L( =L 2 /i 2D) of the

sample, and the other being the decay time constant TR at t>>TL, which is mainly

contributed by radiation heat loss and two-dimensional heat diffusion loss. From the ratio

L-

they are able to determine the correction factor from a graph. For 1L-2%, the correction in

the worse case Is less than 4%. For our thin film sample, we find that Tr is always at least

two orders of magnitude larger than rL and hence the effect of radiation loss is negligible.

Figures 7(a) and (b) show the signals a 0.071 mm thick black PVC film and a 0.0125 -m.

thick stainless steel sheet obtained in double-ended transmission flash radiometry

-n- rent. T"R is approxitely several hundred milliseconis in both samples while TL is

only mound 4 as for stainless steel and 3.7 ms for PVC tape.
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